ABSTRACT
INTRODUCTION
An estimated 42.1 million US adults currently smoke cigarettes. 1 Cigarette smoking is the leading cause of preventable disease and death in the US. From a surgical standpoint, cigarette smoking substantially increases risk of complications. In the perioperative setting, smoker status inhibits overall recovery and increases risk of pulmonary and wound complications. 2 The association between cigarette smoking and erectile dysfunction (ED) also has been well established. Even after controlling for age and cardiovascular risk factors, chronic smokers are 1.5 to 2 times more likely to experience ED than nonsmokers.
3-8 Studies demonstrate improvements in erectile rigidity and tumescence as a result of smoking cessation. [9] [10] [11] The literature also demonstrates that presurgical smoking cessation reduces perioperative complications and improves long-term outcomes. [12] [13] [14] [15] Radical prostatectomy is associated with worsening of erectile function secondary to damage to the neurovascular bundles. 16 To our knowledge, no previous studies have examined the relationship between smoking cessation after prostate cancer diagnosis and its effect on sexual function following robotic prostatectomy. We sought to demonstrate the utility of a smoking cessation program among patients with prostate cancer who planned to undergo robotic prostatectomy in our health care system.
METHODS
This study was approved by the institutional review board of Kaiser Permanente Southern California (KPSC). All patients who underwent robotic radical prostatectomy between March 2011 and April 2013 in the KPSC Region and had known positive smoking status were retrospectively reviewed. Follow-up data were available through November 2014. All robotic prostatectomies were performed by 20 experienced, high-volume, fellowship-trained robotic surgeons operating at 4 Medical Centers. All surgeons had completed at least 100 robotic prostatectomies before being enrolled in a cohort. All patients in our health care system who received care from any medical specialty at any of our institution's facilities were asked about their smoking status by ancillary staff at the point of care. When identified as a current smoker, patients were offered access
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to smoking cessation resources that included a wellness coach, tobacco cessation classes, and pharmacotherapy.
This protocol was standardized among all the facilities within KPSC. Pharmacotherapy included nicotine replacement therapy and bupropion and varenicline administered at the discretion of the prescribing physician. Presurgical sexual function was assessed via the Expanded Prostate Cancer Index Composite-26 (EPIC-26) health-related quality-of-life (HR-QOL) survey, a standardized questionnaire designed to assess quality of life among patients with prostate cancer (see Figure 1 available online at www. thepermanentejournal.org/files/2017/16-138- Figure-1 .pdf ). 17 The survey is standardized on a 0-100 scale, with higher scores corresponding to better quality of life. Patients completed the EPIC-26 HR-QOL before surgery; during postsurgical recovery; and at 1, 3, 6, 12, 18, and 24 months. For the purposes of this study, we focused specifically on the sexual function domain. All patients were considered smokers at baseline. As they quit, they were moved to the quit smoking group. Cross-sectional sexual domain scores were obtained and data were analyzed as an intercept of the conglomerate sexual domain scores at their respective time points. Patients underwent postsurgical penile rehabilitation consisting of a combination of phosphodiesterase type 5 inhibitors and a vacuum erection device, which were offered at the discretion of individual surgeons. Patient age at diagnosis, prostate-specific antigen level, Charlson Comorbidity Score, body mass index, race/ethnicity, EPIC-26 HR-QOL scores, nerve-sparing status, and presurgical/ postsurgical clinicopathology were examined. A linear regression model was used to predict sexual function recovery.
RESULTS
Between March 2011 and April 2013, 2514 patients underwent robotic prostatectomy. Among these men, 139 were identified as smokers and underwent the formal smoking cessation program. Fifty-six patients quit smoking during the study, and 83 remained smokers at last follow-up. Of the 139 men smokers at baseline, 94 completed the baseline EPIC-26 HR-QOL survey. Fifty-two smokers and 10 who quit completed the 1-month survey, 54 smokers and 18 who quit completed the 3-month survey, 44 smokers and 20 who quit completed the 6-month survey, 38 smokers and 18 who quit completed the 12-month survey, 21 smokers and 18 who quit completed the 18-month survey, and 20 smokers and 8 who quit completed the 24-month survey. All demographics and clinicopathology were statistically similar between the 2 cohorts (Tables 1 and 2 ).
The mean EPIC-26 HR-QOL sexual function scores at each time point are listed in Table 3 and depicted in graph form in Figure 2 . A linear regression model was used to assess the association of smoking with EPIC-26 HR-QOL sexual function scores, adjusting for age, Charlson Comorbidity score, and nerve-sparing status, all of which were deemed significant variables with regard to recovery of sexual function ( Table 4) . As expected, age was associated with a statistically significant improvement in mean sexual function scores. Smoking cessation and bilateral nerve-sparing status were the only modifiable factors associated with increased sexual function after prostatectomy (6.57 points, p = 0.0226 and 8.97 points, p = 0.0485, respectively).
DISCUSSION
Cigarette smoking has been associated with increased risk of perioperative complications across multiple surgical specialties. 18 In a large retrospective cohort reviewing the American College of Surgeons National Surgical Quality Improvement Program, Turan et al 19 reported that current smokers were more likely to experience pneumonia, unplanned intubation, mechanical ventilation, cardiac arrest, myocardial infarction, stroke, superficial and deep incisional infections, organ-space infections, sepsis, and septic shock. Furthermore, current smokers were 1.38 times more likely to die than never-smokers. 19 According to Krueger et al, 18 smokers undergoing plastic surgery are at increased risk for wound infections, reduced skin flap survival, and lower rates of successful digital reimplantation. Investigators performed a systematic review of 6 randomized trials to examine the effect of smoking cessation on postsurgical complications, and the authors reported a relative risk reduction of 41% for prevention of postsurgical complications. 2 Longer periods of cessation were associated with a larger reduction in the complication rate. 2 In addition to its deleterious effects in the perioperative setting, smoker status also is an independent risk factor for ED. A study involving a cohort of 1329 men demonstrated that the 
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likelihood of ED was higher among those who had ever smoked (ie, current or former smokers) vs never-smokers. 20 A prospective study examining ED risk factors reported a statistically significant decreased risk of ED among former smokers vs those who continued to smoke (current smoker risk ratio, 1.5; past smoker risk ratio, 1.2). 21 Never-smokers had the lowest rate of ED in this study. These studies demonstrate evidence of a dose response with regard to the number of smoking-pack years to sexual functional recovery. One study concluded that quitting smoking significantly enhances both physiologic and patientreported indices of sexual health, regardless of baseline erectile function. 10 Other authors have demonstrated improvements in penile blood flow and/or penile tumescence/rigidity with only 24 to 36 hours of smoking cessation. 9, 22 The quality of spared nerves, patient age, and baseline sexual function are the most meaningful prognostic factors when attempting to predict postsurgical erectile function. [23] [24] [25] [26] Our results suggest that perioperative smoking cessation improves sexual function after prostatectomy. In addition to nerve-sparing status, smoking cessation is the most influential modifiable factor in improving postsurgical sexual function recovery when all variables are adjusted. Those who quit smoking scored 6.57 points higher on the sexual function portion of the EPIC-26 HR-QOL. The improvement in sexual function score was statistically significant (p = 0.0226) and more pronounced in long-term follow-up at 18 and 24 months (Figure 2 ). In addition to the many well-known benefits associated with smoking cessation, lesser-known potential sexual function benefits should serve as additional incentive to quit smoking for men who plan to undergo robotic prostatectomy. The decision to pursue elective surgery opens a window of opportunity during which smokers can finally gather the momentum to quit. After receiving a new prostate cancer diagnosis, patients may be especially amenable to lifestyle changes. Urologists have a unique opportunity to counsel their patients about ways to optimize their overall health before and after surgery.
Current literature points to increasing support for urologists to assume a more prominent role in smoking cessation. 27 However, many urologists do not routinely counsel their patients about smoking cessation. A survey of 601 urologists who were treating US patients with bladder cancer reported that approximately 55.6% of urologists had never discussed smoking cessation with their patients. 28 Among these respondents, 41% questioned whether smoking cessation would alter the disease course, 10% felt limited by time constraints, and 38% did not believe they were qualified to provide smoking cessation counseling. 28 Yet evidence clearly suggests that smoking cessation counseling is both effective and feasible in the urologic setting. Another study prospectively evaluated the efficacy of a urologist's brief smoking cessation intervention in an outpatient setting. 29 These authors reported a 1-year quit rate of 12.1% in the brief smoking cessation intervention group vs 2.6% in the usual-care group. 29 Financial reimbursements for smoking cessation counseling can increase urologists' emphasis on preventative care as well. 30 We recognize the limitations associated with our retrospective observational study. However, considering that all baseline demographics and clinicopathology were similar between the 2 cohorts, selection bias was effectively minimized. We acknowledge that the number of smokers in our population was low. Approximately 42.1 million US adults smoke, which corresponds to 17.8% of the population. 1 In our study, only 5.5% of cohort patients were identified as smokers. This could be a result of missing data that were not captured by our ancillary staff at the point of care or may be attributable to the underreporting of smoking status in our population. Smoking history was self-reported by patients and not quantified or verified by biochemical means. Also, pack-year history data were not available for our population. It is also possible that patients who quit smoking were motivated to improve their overall health. Thus, they were more likely to exercise, lose weight, and adhere closely to postsurgical penile rehabilitation protocols. These factors may confound the positive effects that we are attributing to smoking cessation. Among those who quit smoking, we were unable to capture the data regarding the specific smoking cessation resources that were used by each patient such as wellness coaches, classes, and pharmacotherapy. Regarding postsurgical penile rehabilitation, phosphodiesterase type 5 inhibitors and vacuum erection devices were offered at the discretion of individual surgeons, so penile rehabilitation was not standardized for our population and we did not capture data regarding patients who used each modality. We also did not adjust for the surgeons' individual data, in particular to their particular training and skills, nor adjust for the different surgical centers. However, because of the equal experience of our high-volume surgeons, this bias was minimized. We also acknowledge that surgeon-specific outcome variations data (ie, procedure times, ED rates, incontinence rates, etc) were not captured. Lastly, our study's small sample size may not represent other populations.
Limitations notwithstanding, this study demonstrates the importance of patient smoking cessation counseling before robotic prostatectomy. Smoking cessation is associated with a significant improvement in long-term sexual functional outcomes when other factors are adjusted. Future studies with larger cohorts in a prospective, randomized trial are needed to expand upon our results.
CONCLUSION
Perioperative smoking cessation is a modifiable factor that may be associated with improvement in long-term sexual function following robotic prostatectomy. Findings from our study may elucidate the importance of enrolling men who undergo prostatectomy in a tobacco cessation program for the preservation of their sexual function. v
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